In order to establish suitable reference intervals of thyroid-stimulating hormone (TSH), free (unbound) T4 (FT4), free triiodothyronine (FT3), total thyroxine (T4), and total triiodothyronine (T3) for the patients collected in Zhejiang, China, an indirect method was developed using the data from the people presented for routine health check-up.
thyroid gland. T4 and T3 in the circulation are bound reversibly and almost completely to carrier proteins: thyroxine-binding globulin (TBG), thyroxine-binding prealbumin (TBPA), and albumin. Only a very small fraction of these hormones is free (FT4, FT3).
1 Secreted from adenohypophysis, TSH regulates these hormones. The serum concentrations of these hormones may thus reflect the functions of thyroid gland.
Diagnosis of clinical diseases such as hyperthyroidism and hypothyroidism determined by the serum levels of TSH, FT4, FT3, total T4, and total T3 are called thyroid function test. It is very important to provide the physician this useful information. 2 Such test also includes the reference intervals of these hormones, which aids the physician in differentiating a diseased patient from a healthy individual.
The concept of reference intervals was proposed in 1969 and has been thereafter extensively investigated and formalized by an ad hoc Expert Panel on Reference Values set up by the International Federation of Clinical Chemistry and Laboratory Medicine (IFCC). 3, 4 Direct method is usually used to set up new reference intervals and strictly healthy people exclusion standards should be proposed during process. Because of this, few laboratories in the hospital could meet such requirements, so the reference intervals used in the laboratory always follow the instruction of reagents. In China, many US reagents used in the clinical chemistry laboratory, the reference intervals are based on the data of American people which probably leads to inaccurate diagnosis. Many researchers have showed that variations in the reference intervals from different populations may affect patient management. 5 Therefore, it is vital to set up own reference intervals that are suitable for the patients and analyzers locally. Indirect method of setting up reference value depends on the huge data collected in the laboratory. [6] [7] [8] [9] [10] Compared to the direct method, indirect method is simpler, faster, and cost-effective. It is a convenient way for clinical laboratory to set up own reference intervals. In this study, we used this method to establish serum reference intervals for TSH, FT4, FT3, total T4, and total T3 of Zhejiang province people in China using Beckman Coulter DxI-800 analyzer. We also evaluated the correlations between these hormone levels and age, investigated whether there were significant differences in these hormones between the people younger and older than 50 years old. All the values of TSH, FT4, FT3, total T4, and total T3 were performed using Beckman Coulter DxI-800 analyzer (Beckman Coulter, S.Kraemer
| MATERIALS AND METHODS
Boulevard, Brea, CA). Measurement was strictly followed the standard operating procedure (SOP). Calibrations were performed appropriately.
Two levels of quality controls were used every day to guarantee the precision. External quality assessments including College of American Pathologists (CAP) survey were conducted to guarantee the accuracy.
Before setting up own standards in laboratory, the reference intervals in the instruction of reagents were used to judge whether results are higher or lower. People's results will be excluded when they are three times higher or lower than the reference intervals used. All the data were analyzed by SPSS 19.0 (IBM Corporation, Armonk, NY) and STATA 12.0 (STATA, College Station, TX). Kolmogorov-Smirnov test was used to decide whether the data are a normal distribution.
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When the data are not a normal distribution, Box-Cox [12] [13] [14] or Case Rank will be used to transform the data to become a normal distribution.
In the indirect method, data exclusion always influences the final reference intervals. In order to evaluate these effects, Tukey 15 and
Box-Plot methods were used. Outlier was defined as the data between the value of lower limit and upper limit. The calculation formulas are below, inter-quartile range (IQR) should be calculated:
All these procedures were easily completed in SPSS or Stata.
Though males' and females' reference intervals are the same in many laboratories or instructions, we still use independent t test to analyze the differences between males' and females' results. If the differences are significant, the separated reference intervals should be set up.
Finally, nonparametric method was used to set up the reference intervals following guideline in EP28-A3c. The value of 2.5% position was used as lower limits of references, while 97.5% position was used as upper limits.
Pearson correlation was used to analyze the correlation between these hormone levels and age. Mann-Whitney U test was used to analyze the differences in these hormone levels between the people younger and older than 50 years old.
| RESULTS
No normal distributions were found when Kolmogorov-Smirnov test was used, so Box-Cox and Case Rank were used to transform the data to be normal distribution (Figure 1 ).
FT4 and FT3 were transformed to be normal distribution using BoxCox method and Tukey method was used to eliminate the outliers. TSH and total T4 were transformed to be normal distribution using Case
Lower limit = P 25 − 1.5 × IQR Upper limit = P 75 + 1.5 × IQR
T A B L E 1 Outliers in different tests

Test name Numbers of outliers
Total T3 (nmol/L) 304 
| 3 of 6
Rank method and Tukey method was also used to eliminate the outliers.
The total T3 could not be transformed to be normal, but the distribution of the total T3 is symmetrical, so the Box-Plot could be used directly to delete the outliers. The numbers of outliers are shown in Table 1 .
Reference intervals of TSH, FT4, FT3, total T4, and total T3 were established using the data left. Differences between males' and females' were also evaluated. Finally, different references for TSH, FT4, FT3, and total T3 according to the gender were set up. The detailed results are shown in Figure 2 .
Correlations between hormone levels and age were analyzed by
Pearson correlation. The results are shown in T A B L E 3 Differences in thyroid function test results between younger and older than 50 years old using MannWhitney U test T4 and female's TSH had positive correlation. Scatter pots of hormone levels and age are shown in Figure 3 , regression curve were also plotted.
Gender groups of each hormone were divided into two subgroups based on the age: younger and older than 50 years old. In Table 3 , differences between these subgroups were investigated. Except for female's FT3, other subgroups had significant differences.
| DISCUSSION
Thyroid function tests are common assessment in clinical chemistry. The diagnosis or treatments of patients are relied on these tests.
However, it often generates the confusing results since the reference intervals are based on those established from US patients. So, it is vital that each laboratory should have its own reference intervals based on the analysis system.
We have intact laboratory information system and have a large number of useful data, thus, the indirect method can be properly used to set up our own thyroid function reference intervals. In this Many statistic methods are based on the normal distribution of data, so we first converted all the data to the normal distribution.
Kolmogorov-Smirnov test showed that no data were a normal distribution. Box-Cox is a common method and it is always the first method to be used. If Box-Cox does not work, Case Rank can also be used. The elimination of outliers always influences the final reference intervals by the indirect method, these results can be sorted out, so that it is important to adapt proper method. After conversion into the normal distribution, Tukey method was used to delete the unusual data.
Total T3 is specially different. Its distribution is nearly symmetrical
and cannot be converted to normal, so Box-Plot method was directly used to eliminate the outliers. Box-Plot is another common method that the data distribution is not needed so strictly.
Males and females have same reference intervals of thyroid hormones in many laboratories, 16 but in our research, we found that there were significant differences between genders. So, separated references should be established. Traditionally, there is no need to set up different reference intervals of thyroid hormones based on ages in adult. 17, 18 But we still analyzed the correlations of these hormone levels and age. The results revealed that male's FT4, FT3, and total T3 levels, female's FT4 levels decreased with age growth. People's total T4 and female's TSH increased with age growth. When we divided people into two subgroups: younger and older than 50 years old, significant differences in these hormones' concentration were also found except female's FT3.
All these results suggests that the concentrations of thyroid hormones will be influenced by human physiology changes, age may be one of the factors that should be concerned when set up reference intervals for these hormones.
In conclusion, reference intervals from local population's results may be more suitable for the laboratory, and the indirect method is the cheapest and easiest way. Moreover, more continuous patients' data should be evaluated using the new reference intervals to assess if they are suitable for the clinic. Though we did not set up the reference intervals based on age, this factor may be considered in the future.
